Introduction
The crystal chemistry of the rare earth sesquisulfides with formula Ln2S3 has been investigated by a number of workers. Recently R a n g e andL E E B 1 published the structures of quenched high pressure phases for certain rare earth sesquisulfides. In their paper the relevant literature is reviewed.
To obtain more information on the influence of cationic size on the transformations present, we extended the investigations to include mixed rare earth sulfides with the general formula LnLn'SsThe crystal chemistry of these compounds at atmospheric pressure has been reported by C a r r e et. dl.2. In the present paper the quenchable high pressure phases of GdYbS3 are investigated and related to the quenchable phases obtained for the rare earth sesquisulfides.
Experimental
Gd2S3 and Yb2S3 were prepared by heating stoichiometric quantities of the elements (Gd, Yb 99,9% Rasmus Hamburg; S, Merck) in evacuated quartz ampoules for 80 hours at 1150 °C. The com- Requests for reprints should be sent to Dr. J . B. C l a r k , National Physical Research Laboratory, C .S.I.R., P.O. Box 395, Pretoria 0001, South Africa, or to: Prof. Dr. K l a u s -J ü r g e n R a n g e , Institut für Chemie der Universität Regensburg, D-8400 Regens burg, Universitätsstr. 31, BRD.
pounds were found to be well crystallized and single phase using diffraction techniques. GdYbS3 wras then prepared by grinding a 1 :1 mixture of Gd2S3 and Yb2S3 very finely, then pressing the mixture into a tablet, and heating the tablet in an Ar flushed, evacuated sealed quartz ampoule for 150 hours at 1000 °C. X-ray analysis of the product showed only slight traces of Gd2S3 and Yb2S3 present, with the bulk of the material single phase. GdYbS3 was reported to be F-type2 but exact characterization was difficult due to the lack of diffraction data in ref. 2. From the present results the F-type characterization seems doubtful with a D-type structure being more probable.
Pressure was generated in a Belt device. The experimental procedure has been described pre viously1. Pressure and temperature were read from previously determined calibration curves, and are thought to be accurate to ± 4 kbar and ± 75 °C respectively. The samples were contained in BN capsules with no evidence of reaction. In all cases pressure was increased and maintained until constant, when the temperature was increased slowly to the desired value. The pressure-tempera ture conditions were maintained for 1 hour before quenching to ambient.
The products were examined using a Huber Guinier Camera (film and counter methods) and monochromatized CuKai (A = 1,5405) radiation.
Results
Three new quenchable phases were found for GdYbS3 after treatment at 10, 25, 40 kbar and 1500 °C respectively.
At 10 kbar, 800 °C only the normal atmospheric starting phase is present upon quenching. However, after quenching from 10 kbar, 1500 °C a simple diffraction pattern is obtained which can be well indexed using a cubic cell with a = 8,310(2)Ä. The diffraction lines are extremely sharp indicating a well crystallized product. The faint traces of Gd2S3 and Yb2S3 which were present in the starting product, had vanished. The higher reaction tempe rature probably facilitated complete reaction of the starting products. The diffraction data is presented in Table I . The observed peaks and their intensities strongly suggest that the space group is T6d-I43d, and that this phase has the defectTh3P4 (C-Type) structure. The defect-Th3P4 struc ture type also occurs for the related Ln2S3 com pounds, but the exact composition is still the sub ject of some discussion3-1. I t would appear that a partial decomposition is necessary, and this is supported in our present work by the presence of H2S after experiments at 10 kbar, 1500 °C. No trace of free S can be found in the diffraction patterns, but this is expected as it would probably be amorphous. After treatment at 25 kbar, 1500 °C only slight traces of the defect-ThsP4 phase can be found, but the bulk of the material appears as a new phase. The Guinier pattern can be indexed using an orthorhombic cell with a = 7.279(4) Ä, b = 15.119(6) Ä and c = 3.875(3) Ä (Table II) . Unit cell dimensions, systematic absences and intensity data strongly suggest that this phase has the A-type (Gd2S3) structure. The composition of this phase is almost surely GdYbS3 and this would suggest that the defect-Th3P4 phase found at lower pressures does indeed represent a decomposition process which does not occur fully at 25 kbar, 1500 °C because of the higher pressure. As would be expected from the small amount of the TI13P4 phase present, very faint traces of H2S could be detected after the experiment. After treatment at 40 kbar, 1500 °C all traces of the C-and A-type phases are removed, and are replaced by the diffraction peaks of a third phase. These peaks can be indexed using an orthorhombic cell with a = 10.603(5) Ä, b = 3.869(3) Ä and c = 10.385(5) Ä (Table III) . Systematic absences are consistent with the space group Pnma, and the intensity data suggest that this phase has the U2S3 structure. This structure was also found for certain Ln2S3 compounds1. The highest pressures used in the present study produced the Ln2S3-III (U2S3) structure type which was found to be the most dense form for the smaller rare earths. Previously3 the A-type was found to be the most dense form for the larger rare earths. The U2S3 structure type is marginally more dense than the A-type structure. However, the size of the cation was found to be the deciding factor and no transformation from the A-type structure to the Ü2S3-structure has been observed.
In the present study both structure types occur, with the U2S3-structure being favoured at higher pressures as would be expected. This is certainly due to the size differences between the Gd and Yb. At high pressures Gd2S3 retains the A-type structure to 70 kbar whereas Yb2S3 adopts the U2S3-structure at 20 kbar. These contrasting features obviously result in both structure types appearing for GdYbS3.
The two structure types have approximately the same spacefilling requirements, and the coordina tion number of the cation is equal in both cases. The coordination of the cation in the U2S3-structure is particularly interesting and is described in detail in ref. 1. A comparison of the unit cell volumes for the Ln2S3 compounds is presented in Table IV , illustrating that the present unit cell volume of the A-type is probably the smallest unit cell volume possible for this structure type, whereas that of the U 2S3 phase, is one of the largest of its type. How ever, the U 2S3 phase is probably more compressible at higher pressures. These factors indicate that for the present compound G dYbS3, we have a critical relationship between the sizes of the Gd and Y b which makes it possible to obtain both structure types for the same compound. The average radius of the cations Gd and Y b is 0.898 Ä, which lies be tween the cationic radii of Ho and Y 4. Preliminary
